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ABSTRACT 


This thesis summarizes statistical Clustering proceduines 
aid presents in some detail a hierarchical clus teringereen— 
nique and computer routine which utilizes Euclidean distances 
as measures of object similarity. An application of the 
technique is made to scores derived from a qualitative data 
base describing mentally disturbed children, and results 
Gtethe application are compared to results obtained from 


Previous clustering studies. 
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I. INTRODUCTION 


Eee URPOSE AND SCOPE 

The primary purpose of this paper 1s togapply sag ivenavenieal 
clustering technique to qualitative data. Statistical cluster- 
ing procedures are discussed in general and a computer-based 
hierarchical clustering scheme is presented. The technique is 
appilaed to data provided by Dr. Bernard Rimland of the U. S. 
Naval Personnel Research Laboratory and Institute for Child 
Bemavior Research, San Diego, California, and comparisons of 
the results of this application to results previously obtained 


By other clustering techniques are summarized. 


Emote USSslION OF CLUSTERING PROCEDURES ar 

Whereas discrimination is the broad term used to describe 
the problem of assignment of the objects under study to one of 
several known groups based on comparisons of known charac- 
meet ics Of the groups and the measured characteristics of 
Piemob jects, clustering techniques employ only a priori 
Selection of measures of similarity and are designed to find 
Pimemi@enrent Structure solely from the data. In general, 
Miee@eetc Characteristics of the different groups are not 
available and neither the number of different groups nor 
their relative frequency of occurrance is known. 

These techniques can be applicable for any situation in 
which it is desired to discriminate between groups of objects 


and when the researcher is not willing to assume that his 





knowledge of class membership 1s Suttielemt seem ldo atic 
erouping procedure, or when 1€ ds desi redmtemcx > lorc mene 
miderlying Structure of objects se@lely onmthe Dacisecor 
interobject similarity. Ball [Ref. 1] provides references 
to articles describing applications of clustering techniques 
to such diverse disciplines as: archeology, geography, 
Eeonomics, electrical engineering, information retrieval, 
market analysis, medicine and psychology. Clustering also 
has military application in such fields as personnel classi- 
fication, system evaluation, and pattern recognition. In 
detection systems, for instance, the detection characteris- 
picomean be used as the measurements for a clustering technique. 
to determine how well these characteristics provide "natural" 
discrimination between targets and other contacts. 

A brief discussion of research on autistic children is 
included to provide background information on the data used 
mmeaeplying the clustering procedure. <A qualitative data 
aces complicates the clustering problem in that "similarity" 
between two different responses can only be determined by 
very close examination of the states of the measurements. 
imemmroolems presented by the qualitative nature of the data 
have been avoided by utilizing various derivatives of the 
data as the measurements of interest. 

wimsterine tas been defined Simply by Ball [Reft. I] as 
"the finding of data-derived groups on the basis of the groups 
being internally similar." Other terms used to describe these 


meoceaqures include clumping, partitioning, and decomposition 





of mixtures. The term "numerical taxonomy” normally applies 
to computer-based techniques and has been used primarily in 
conjunction with biological studies se i ehesGhe min ereaccd 
muallability of high-speed electronte Conpu cers scanencms 
im a variety of disciplines have recently developed or uti-— 
mened classification procedtires; but because the variety son 
application 1s gréat and the lit@rature scattered, it is 
mirreult to know what techniques exist. Ball [Ret. 1] pro- 
vides a summary of many techniques, offers a framework within 
which the methods can be organized and includes an extensive 
meen ocraphy for clustering and discrimination. 

pelomon |Ref. 2] lists three major avenuesmoteapproach 

mmsolution to a clustering problem: 

ipeeeiotal enumerationmot all datagpartiGrons andetne 
Suisscaucemnt SclectCloOnl Of sam 2OO0 On nop Clinical © licime i. 
ing configuration. 

Z. <A stepwise clustering scheme that selects for each 
montero: Clusters the bestravarlab le soroupines 
with the realization that 1t may ignore some good 
SOnPlLoOuratlOnSmiiiaie: PReGes se 

cane cion Of multivariate data to two Or three 
orthogonal dimensions, producing a graphic or 
mpmectOnlal Tepresentatvon that permits visual 


Gitiste Tine . 
Memcscentaal Step in any of these approaches 15 represen- 


Eaemon of the data and establishment of measures of similarity. 
pamee the choice of the variables to be studied, their inter- 


molationships and the measures of similarity are the basis 





for any clustering scheme, much consider2tion must Demeiny em 
to ensure that "closeness" in the sense of the similarity 
measures indicates closeness in the sens2 of the objectives 
of the study. The simplest and most cormon measures of 
similarity are those which combine the <ifects of individual 
variables into a single number. This assumption of numerical 
comparability allows clustering process=s that group objects 
Poeverdll similarity. Ball {Ref. 1] l sts "five types of 
Similarity measures: 
ieee Associatvon: The similarity bezweem objectm and 
OVjectren 15 thesnuUnbersoreameunc  lOnmot theeniumber 
of variables for which X and Y Zave the same 
mes DONsce 
Peeeeecorre lation: Correlation betwe@a"ebyect xX and web ject 
Y 1s a function of the angle between their respective 
vectors. It is most useful whe- the pattern of 
ratios of the variables is the zrime determinant of 
Similarity. 
3. Distance: Many different distance measures are 
available. Weightings can be aznlied to absolute 
or Euclidean distances and can 7-2 derived either 
from an a priori evaluation of ¢ach variable's 
importance or from the data, as in Mahalanobis 
weightings. Several distance functions are dis- 
enssed by Bally 
4. Probabilistic: These measures gre used primarily 
when it 1S appropriate to modif: weights of the 


Variables on the-basis of population statistics. 





S. Functional: For functional measures, the value of 
Similarity 1s a function of the dis Gance sc romeo ener 
Ob eCES. 

When measures of similarity between objects have been 
established, the measures must be modified to provide meaning- 
Mieesimilarity between groups of objects and between objects 
and groups. 

ite first approach (evaluation of all possible ‘confisura-— 
fememe Will obviously yield the "best" grouping. However, 
evenewith the present state of computer technology, this 
mapemot procedure 1S usually infeasible. Fortier and 
somenon [Ref. 3] point out that there are 1,709,751,003,480 
Penne t partitions of 19 objects into eight clusters. To 
eeesce all partitions for 1, 2, ...; 19 clusters is incon- 
Saeeaole in almost any Situation. In the same paper, results 
Peis attempts at random sampling of the distinct parti- 
Dmlemomare discussed. fhese experiments were disappointing 
aoe is pointed out that in most clustering situations, 
there are many "poor" or "not good" solutions and a minute 
number of good solutions. Unrestricted random sampling 


G@@esenot appear to provide a reliable means of avoiding the 


Beta enumeration process. 

ite third approach offered by Solomon (reduction of the 
Mmieay is essentially a statistical procedure to be performed 
MeetoretoO the application of clustering techniques. The 
dimensionality of the measurement vectors may be reduced 


through factor analysis or principal components and clustering 





techniques applied using these factor scores or components 
as the variables of consideration. In situations when the 
measurement vector is large, these procedures are justified. 
However, interpretation of the meaning of these scores is 
often difficult and clustering based on these variables may 
leave the researcher with a problem of determining what 
characteristics cause the resulting cluster configurations. 

One of the most practical approaches in arriving at 
natural data derived configuration applies stepwise or 
iterative schemes; or procedures which eliminate most of 
Mrempoor Solutions before the clustering process begins. 
Fortier and Solomon [Ref. 3] propose a technique which 
eliminates in advance most of the poor solutions encountered 
jmieche total enumeration process, With this procedure, some 
Pumer Knowledge of object similarity must be available, 
Since the assumption is made that two objects should be in 
the same cluster if their similarity measure is greater than 
aepGeassigned constant. In the contrary case, they should 
not be in the same cluster. The PROMENADE system [Ref. 4] 
uses an interactive computer System with a graphic display, 
which allows the researcher to interactively control the 
clustering algorithms and eliminates investigation of some 
of the poor partitions. 

Other specific clustering techniques have been developed 
Miiteh avoid the total enumeration process. These normally 
use some form of the iterative approach, whereby initial 


mister points are established and with each iteration, some 


10 





reorganization of clusters and objects is accomplished based 
on existing object and cluster (similar ie ewe is ter ame 
technique discussed in the following section utilizes these 


Stepwise procedures. 


et 





Il. A HIERARCHICAL ClUSTERING=SCuEre 


A. DISCUSSION 

The clustering technique described in this section is a 
form of the class of clustering procedures termed hierarchi- 
cal schemes by Johnson and Ward [Refs. 5, 6]. Ball [Ref. 1] 
Bemers to this type of procedure as clumping and points out 
Memeanalogy to nearest neighbor methods. <A similarity (or 
distance) matrix based on meaSurements in Euclidean space is 
initially established depicting similarity between all pairs 
ommeemjects to be clustered. On the first iteration, the two 
ioaeesimilar objects are combined to form the first cluster, 
an average Euclidean point is computed, and a similarity 
fepeerx Detween the unclustered objects and the cluster is 
established. On subsequent iterations, comparisons are 
Made to determine the pair of items (two objects, two clusters, 
Sumammobject and a cluster) which are most similar. This 
selection leads to combining two objects to form a new clus- 
fomemcombining two clusters to reduce the number of existing 
Glmeters, or adding an unclustered object to one of the 
existing clusters. The necessary average positions are 
recomputed and similarity matrices between clusters and 
between unclustered objects and existing clusters are 
updated. The process is repeated until all objects are 


pitiecd into a single cluster. 


eZ 








Each of the unclustered opi ects Can be weonsideredmas a 
eluster containing one oObJECct and eit (iiiewe ea ceentena i 
objects to be clustered, the result of the scheme is to 
mrovide clustering arrangements for neen-1 0-2 eee 
elusters. In some clustering situations, 1f£ is Conceivable 
that the researcher has some notion, based on previous 
Semates Or experience in the field, as to How many Separate 
groups should be formed. In other situations, it may be 
possible to develop mathematical functions of the similarity 
of object groupings to be optimized. This procedure is 
discussed in some detail by Ward [Ref. 6]. In other situa- 
muons, the researcher may still be faced with the problem of 
determining which of the arrangements provides the "best" 
natural partitioning of the objects; he must view the arrange- 
ments as simply a tool by which to examine the characteristics 
Mmimement in the different clusters. For any iterations, the 
Gomeinineg of two objects, clusters, or an object and a 
Si@iemer 15 a result of their similarity and this similarity 
should provide some measure of worth for that iteration. 
Metor £Our SuUbSequent iterations, the similarities used are 
mae. 016, .136, and 1.27, some indication is given that 
fiemrourth iteration combined two relatively dissimilar 
mectiseand the clustering configurations near this iteration 
should be investigated. These numbers are the similarities 
from the validation problem used to test the stepwise pro- 
Seaure and the computer routine. 

An English language flow chart depicting the basic logic 


of the computer program and a copy of the program statements 


1S 





are included as Appendices A amd By tecpecereiy ca erie 
computer routine can be used for various clustering situations 
in which the measurements can be considered as, or can be 
scaled so that, Euclidean distance measures yield meaningful 
measures of object Similarity, by modifying six of the pro- 
ram Statements: The DIMENSION statement must neserve anpille 
Beeemace Space for required vectors and arrays; DIMENSION 
Meee), XND(CI,K), NCL(J,1), DB(J,J), DCCI,K), XSMGJ), 

Pew), XST(K,J) 

where: I = Total number of objects to be clustered. 


J 


I 


Measurement space on which clustering is to be 
based. 

Keae— Marci mtn mumbie rt Ot © Ncsue frome Cac ae 
Eeeablishment of the parameter values affecting the size of 
Evemonregram is accomplished by setting: 


iy 


Number of objects. 


CC = Number of clusters needed. 


SS = Measurement space. 
The FORMAT statements for reading the measurement data and 
momecne printout require modification to conform to data 
input format and the number of objects in the study. In 
Situations where the measurement space is large or the 
miaavadual measurements are represented by large numbers, 
Mmiemscores may require scaling so that the similarity 


between objects does not exceed 88880. 
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B. VALIDATION 

Data from Fisher's [Ref. 7] classic Iris problem was 
Meilized in an attempt. to validate the velus temas eecemmrgie 
and computer routine. Measurements of four characteristics 
Oimes0 flowers, each of three Species of Iris plants, were 
used as the discriminators and to describe the exes in 


Euclidean four-space. Means for the four measurements are 


given in the following table: 


iiss se tesa [ets Verne we cron TPs sere 
Sepal length SHOU 5.9356 6.588 
Sepal width 5.428 fai grall 2974 
fewal length NAO 4.260 Sapo 
Petal width 0.246 145.26 fine SPAS 
TABLE 1: ~ MEASUREMENT) MEANS OP ERTS: Bar 


ite oetosa and Versicolor varieties were fownd growing 
meee r in the same location, but the sample c= the third 
Species (Virginica) differs in that it was taken from a 
Seeterent natural colony--a circumstance which Right consid- 
Eieemely disturb the mean values. Fisher reported that works 
Memeotanists of the period suggested the interesting possi- 
bility that Versicolor was actually a hybrid of the other 
meme ci1es and suggested that if this were true, the 
Pweeommmrca exerted a slightly preponderant influence. 

reed point in the scheme indicated by Phew Le mae on 
Pwmmetnity procedure, the technique correctly 1¢@entified 


the data as coming from three populations. All 50 of the 
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Setosa variety were placed into one cluster and none of 
either of the other varieties was present. A second cluster 
SOomtained 36 plants (all Vireganica) andwthemrnindeetustc, 
Somcained S50 Versicolor and the remaining Manor thes Vireinaed 
Speeies. The 14 "misclustered” Virginica plants have 
iemeirement means of 6.05, 2.71, 4.94, and 1.84: two of 
Matensare actually closer to the Versione mean. Because 
Seeche Similar measurement scores of the Versicolor and 
Pinernica species, it 1s felt that the results of the test 
m@eoeplem provide some verification of the worth of the step- 


wise procedure. 
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[IIT. DEVELOPMENTS IN JAUTIS DI GeCh PEp REN Broun 


A. INTRODUCTION 

In order to examine the feasibility o£ sine nei teracive 
approach to clustering and to hopefully provide some useful 
results for a deserving problem, an attempt is made to 
eluster mentally disturbed children. This section provides 
background information on the problems associated with classi- 
fication of these children and describes the available data 


set. 


Mee HISTORY 

In 1943, Dr. Leo Kanner, then Director of the Child 
Psychiatry Clinic at Johns Hopkins Hospital, published his 
Perot Paper on emotional disorders in atypical children 
[Ref. 8]. A year later in another paper, he named the new 
syndrome Early Infantile Autism [Ref. 9]. In these papers, 
he reported the presence of this disturbance in behavior in 
fame intancy; a strange but common pattern of motor and 
language behaviors, behavior of both genius and idiocy, and 
complete absence of any evidence of physical or neurological 
dieeect. 

Kanner and other forerunners in the field of child 
Mmeceiaatry started research on children exhibiting these 
symptoms. Despite the voluminous literature that has been 
written on the subject, the origin of the disease and reliable 


cures are still a mystery. Investigations have unveiled a 


7 





large variability in the symptoms displayed by children who 
are classified as autistic and because of the lack of objec- 
tive diagnostic methods and various interpretations of the 
diagnostic terms used, this variability has led each researcher 
manmnotice different significant tralitsman the chaidren- 

Rimland [Ref. 10] defines autistic ehildren eas goca. 
looking, highly skillful, intelligent-appearing young 
children who resist change and treat people as if they were 
@emeets. Bender |[Ref. 11] sees autism as a defense mechanism 
femavaoid dealing with the world's demands, and therefore as a 
Symptom shared by the retarded as well as the highly sensitive 
foume child. Other psychiatrists such as Bettelheim and 
OPGerman [Refs. 12, 13] stress other sets of symptoms: 
Smems retreat anto isolation as a reaction to parental 
Smtiemty Or indifference and the existence of muftiple etiolo- 
Sueoeveing a particular symptom syndrome, respectively. 

fm i961, a committee of British psychiatrists headed by 
ireeoewemRet. 14] devised a general criteria list for diagnosing 
apenild. To be labeled psychotic, the child had to display 
a number of the following symptoms: 

imoeelmpairment of emotional relationships with people. 

gee Apparent unawareness of the child's own personal 

macnta ty. 

mee ratiological preoccupation with certain objects - 

wee ous tained resistance to change in thie environment. 

eeesonormal perceptual ‘experiences. 


6. Anxiety. 
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7. Speech. abnormalities, in partreuwlarespeecn noe 
used for communiweatiy€ purposes. 
8. Disturbances in mobility eopattermnice 
9. Background of serious retardation on which special 
skills or islands of intelligence ane superimposed, 

Pe was not expected that a child show all nine symptoms. 

iiemavoid the uncléar diagnos taeste riamolioc weancdmeomt Inet. 
ing etiological opinions, a significant data base on a large 
Samee Of emotionally disturbed children was needed. they 
mea be Categorized into homogeneous groups with respect to 
[pcom syndromes and then each syndrome could be related 
fomeme Suspected etiological variables. Researchers and 
Pelenrists are currently seeking the causes and cures of 
childhood psychosis, but are still greatly limited by the 
lack of objective diagnostic methods. Modern advances in 
eamemcer technology have provided the opportunity for progress 
toward meaningful ways of dividing children with emotional 
disorders into homogeneous groups, so that meaningful 
Sememur1ric work can be done. By applying pattern analysis 
Peemmaques to large amounts of data on psychotic children, 
fers hoped that it will be possible to find groups of 
children who exhibit very similar behavioral characteristics. 
ierseexpected that further research on the homogeneous ly 
grouped children will aid in the solution to problems of 


cause and cure. 
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C. CURRENT DATA BASE 

Dr. Rimland's Diagnostire Checklist for sbehavion-diseueped 
Children (included as Appendix C) first appeared in his book 
Pieantile Autism {Ref. 10] in 1964. The questionnaire pro- 
vides information on such factors as social interaction and 
@meect; speech, motor, and manipulative ability; intelligence 
and reaction to BENnSOYY Soremmucki, amblely Ss Chragdcit cvlet SGelncee mmeieleleor 
ness development; and physiological data. Questionnaires 
Bemmaleted by parents and doctors of mentally disturbed 
eimtdren have been returned to Dr. Rimland as a result of 
its appearance in the book and from his speaking to clinics 
mmemmarent groups. At the present time, the completed check- 
list has been accumulated on approximately 2225 children. 

A method of "scoring" the completed questionnaires has 
meemesaeyeloped [Ref. 15] which gives indications of the 
@eeeee £O which a child exhibits classic early infantile 
meerom characteristics. One autiStic behavior point is 
accrued for each question characteristic of autistic behavior 
and one non-autistic behavior point is scored for each 
Guestion answered in the non-autistic direction. Similarly, 
Seeres are obtained for autistic speech and non-autistic 
Speech. These scores can be weighted and combined in various 
femeoecO arrive at "rational"' scores which depict degree of 
autism. As part of his doctoral dissertation at the 
University of California, Berkeley, James R. Cameron trans- 
formed the 80 items of the Rimland checklist into a 144-item 


mermat and obtained ten factor scores. 
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For approximately 300 of the children, a 24-week study 
of vitamin effects on behavior was made and an overall vitamin 
mprovement score for each child Was obtained.) Reference lle 
contains the details and results of this study. 

ft is hoped that through wtilization of various clustering 
techniques homogeneous groups can be obtained, the vitamin 
effects of different groups evaluated and possibly additional 


steps toward determining a reliable treatment can be made. 
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IV. RESULTS OF CLUSTERING TECHNIQUES 


Pe FREVIOUS STUDIES 

There is no "correct" way to cluster data and a variety 
St methods are available, each requiring a different set of 
feeunmptaons and utilizing different aspects of the measure- 
ments as the basis for discrimination between groups. 
Memland (Ref. 16] gives results of several clustering 


methods previously applied to the questionnaire data and 


mmescnits clinical findings from the vitamin treatment studies. 


The remainder of this section summarizes the findings of 
miese Studies and reports the results of the application of 
meemotePWIZE procedure to data described in the preceding 
eel i1on. 

NORMIX is a system of cluster analysis developed by John 
Wome |ket. 17]. This procedure was applied using 17 scores 
derived from Rimland's questionnaires as the basis for the 
analysis. Ten of the scores were derived by Cameron from a 
meemor analysis of the 144-item format discussed in Section 
III and seven of the scores were taken from the set of 
Fational scores developed by Rimland. This analysis pro- 
eijeed Six subgroups of children; and after classification, 
the mean vitamin improvement score for each group was deter- 
Maned. These means ranged from 46.71 to 69.00 and were shown 
through analysis of variance to be significantly different at 


miee.02 level. A summary of the results of this scheme is 


Sewn in Table II. 


1A 
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Group number 1 /4 3 4 5 6 
No. in group 19 5 48 35 7 69 


Mean vitamin ¢4 56 69.00 64.46 69.71 46.71 65.01 
improvement 


TABLE II. RESULTS OF NORMIX ANALYSIS 


A second computer cluster analysis of the same data was 
performed by J. R. Cameron of Napa State Hospital. This 
method (BC TRY) involves different mathematical assumptions 
and Cameron chose to use only the ten factor scores in Ais 
mmerysms., He produced eight clusters of children, with mean 
mupmovement scores ranging from 57.83 to 78.23. Analysis of 
mamrance yielded an F ratio of 2.49 which is significanz at 
eee .02 level; agasa indicating a correlation between tie 
mamroms and the degree of improvement which 15 too great to 
Memcxplained by chance. Results of this study are summarized 


in the following table: 


Mean vitamin 


Group number Number in group improvement 
1 38 O5597 
7 13 hora 5 
3 18 S708 
4 8 Ot 5 
e aS 65.84 
6 34 64.40 
7 D4 | Day 2S 
9 13 59.38 


Wap LE wil see Sui nomet ent, “key ANA SES 


A third computer cluster analysis was performed by aul 


Hoffman at the Oregon Research Institute. Results of this 
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analysis have not been obtained but, as reported by Rimland, 
Hoffman used all 17 scores and produced 14 subgroups (the 
meurteenth consisted of only ome child). For the other 15 
groups, mean vitamin improvement scores ranged from 58.83 

to 71.22, but analysis of variance on improvement scores 


muetlded an F-ratio of 1.32 whieh is not significant. 


Pee RESULTS OF STEPWISE ANALYSIS 

The clustering technique described in Section II was 
applied (using the ten factor scores obtained by Cameron) to 
meoeor the children for which both questionnaire and vitamin 
morevement scores were available. These scores, depicting 
early onset, family education, prematurity, rocking as an 
mimic, Stiffness, coordination, retardation, resistance to 
change, social awareness, and destructiveness had been 
scaled by Cameron so that each had a mean of about 500 and 
meemdard deviation of about 70. The particular factor analy- 
Sis technique used is not known. However, he stated that he 
eliminated some of the 144 variables because of low frequency 
Of occurrance and others because of high correlation, and 
mat with these ten scores accounted for approximately sixty 
per cent of the variance of his data set. 

foots from the application of the stepwise teéchnigue 
with these discriminators was disappointing in that verv early 
in the scheme, a trend toward establishing one large cluster 
Mas apparent. This probably could have been predicted since 


@his technique considered each of the discriminators as 
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essentially equally weighted. Two children showing quite 
dissimilar characteris ticS@eeuesomesscorecmve ne Vetmn~es im isla G 
for others, and an overall average point in Euclidean 10 space 
mas reached early in the scheme lt 1s felt that the assumpe 
tion of equal weighting of such a variety of characteristics 
as those depicted by the factors is not valid. It 1S possi- 
ble that if the factor scores were scaled so that the varia- 
bility of each score was directly related to its relative 
mimontance in determining autistic characteristics, the step- 
wase procedure would yield more meaningful results. 

mesecond clustering attempt using the same technique 
but different discriminators was made. This analysis 
Miemlrzed the four rational scores depicting autistic behavior, 
non-autistic behavior, autistic speed and non-autistic speech 
peweene Measurement space. As discriminators for determining 
"degree of autism'' the behavior scores are considered to be 
men more value, Autistic and non-autistic behavior have 
means Of 17.6 and variance of about 47. Autistic speech and 
non-autistic speech have means of 5.5 and 1.93 with variances 
meme oand 5.9 respectively. This hierarchical method yields 
a pyramidal structure of subgroups ranging from 225 subgroups, 
with each consisting of one individual, to a point where all 
miimicren are combined into a single cluster. It 1s possible 
Beiat some function of the similarities within and between 
clusters could have been established to aid in choosing which 
mememese Configurations gives the “optimal” arrangement. How- 


Even, the similarity between the two items combined for any 
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iteration serves as a relative measure of the similarity used 
for that iteration. The stolen tab oases coma on 


mamper and Similarity used jeer sitera tionscme en noU chee de. 


Iteration number Iteration similarity measure 
209 .008 
210 OA) 
ZA 5 Woah 
Zi2 woo 
25 .016 
214 .068 
Za Oa 
216 .018 


CABLE IY) sso IMI CART IY USED SFOR eR AnONS 


Simoes relatively high value for iteration 214 indicates that 
two relatively dissimilar items (in this case, two clusters) 
were combined and that the configuration near iteration 214 
Sitemd be investigated. At this point in the scheme, all but 
moar the 225 individuals had been clustered and there 
eeemmccaecioht Subgroups. Results after step 213 aré given 


iMieenre £Ollowing table: 


Mean vitamin 


Group number Number in Group improvement 
1 35 64.43 
y) 24 (ESA: 
3 74 64.80 
4 66 OF ely 
E 6 ee 
6 6 Son Si 
7 5 48.80 
Q G 60.40 


TABLES V eeteoulls OF sStEPWISE TECHNTOUE 
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As in the three previously mentioned studies, analysis of 
vitamin improvement scores was made through analysis of vari- 
emcee. This resulted in anion o of oUt ine ice les 
@eerees of freedom, which 1S )Si@eniticant atethne ©.025 bevel: 
pis Of interest in comparilsonvet the clustering scentisirarromns 
with improvement scores is that iteration 214, with its rela- 
tively low similarity, combined clusters five and seven (two 
Glusters whose vitamin improvement scores are quite different). 
To provide information on the measurement characteristics of 
Micmartterent groups, rational score means are provided in the 


molerowing table: 


@imscer Number in Autistic Non-autistic Autistic Non-autistic 


number Glus €or. behayvitor behavior Specen aeecen 
i 55 24.11 MAAS) ce O52 5 1.48 
2 24 27 are ae 8.40 is 
g 74 S00 14.51 EU 1.40 
4 66 | igs 8 fe Sigel) 1 Sr oS 
5 6 S aloe Sue Uo WN) 2 ZA8 
6 6 Move SIE Lo S00 Sele), 
7 5 Sele ZOO oe Oe tah 
8 5 Suseehs, Zee £ ge (8. 8.00 

Total IM Vy rtey ik LejexO LY, (ae es 


PAG Vy ioe Mimo Unis Mich) MEANS ey ClnUS TE 


Cluster 2 (high vitamin improvement) showed high autistic 
behavior, low non-autistic behavior, high autistic speech, and 
Sove@en-autistic speech. Some contradiction is provided by 
Seuster 5: These children also showed high vitamin improve- 


ment, but exhibited essentially opposite behavior scores, 
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with speech scores near the mean for the entire group. 
Cluster 7 also adds to the confoundment. With almost the 
same behavior scores as cluster 5, but with low autistic 
speech and high non-autistic speech scores, these children 
scored very low on vitamin improvement. It should be noted 
mre on the next iteration, elwster five and cluster seven 
were combined, and that cluster two remained intact until 
Mitempoint in the scheme where only three clusters were dis- 
tinguished. Cluster two is the only group which showed 
substantially better improvement scores and which remained 
meree chrough most of the iterations. 

Romland (Ref. 15] provides Support for the contention 
that overall autistic scores derived from the questionnaire 
can differentiate early infantile autism. The overall score 
is obtained simply by summing the two autistic scores and 
subtracting the non-autistic scores. An overall score of 
+Z0 or higher is regarded as highly indicative of early 
infantile autism and only about 9.7 per cent of the entire 
Sample reach this score. Using the mean rational scores 
Peieene groups resulting from the STEPWISE cluster analysis, 
only group two displays characteristics highly indicative 
of early infantile autism. 

Due to the small number of individuals in some groups 
and the near mean vitamin improvement for others, little 
additional information as to the ''type' of individuals 
Significantly helped by the vitamin dosages can be obtained. 


Tests for significantly different vitamin improvement means 
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between groups one and four, for example, yielded an F-ratio 
Of only .889 which iS not soaepeereant: 

Major William Knauer, USA, conducted a second factor 
analysis of the 144-variable data set. He eliminated 65 
variables because of high correlation or low frequency of 
eccurrance and obtained ten factor scores. These ten factors 
were not scaled when used as the measurement space for the 
STEPWISE clustering technique so the "natural" variance 
associated with the factors dictated their relative importance 
mmeomputing Euclidean distances. The results of this attempt 
were similar to the attempt using Cameron's factors in that 
mempoimts in the scheme of greatest interest (when most of 
the individuals had been clustered), the individuals tended 
pemelecumulate into one large cluster. After iteration 
number 196, there existed eight clusters and 203 of the 
Mam tawals had been clustered. One cluster contained 179, 
eiemeontained 10, two contained three, and four clusters 
had only two individuals each. 

itvemeonEPWISE procedure was applied to three ditrerent 
Sets Of measurements all taken from the questionnaire data, 
and only Rimland's rational scores provided groups which can 
be investigated as to their homogeneity and the relative 


Serects Of Vitamin dosages. 


ae 








V. CONCLUSIONS 


The application of agpaneueutar clustemingesenciemio 2 
particular set of data involves assumptions about the appro- 
priateness of the statistical and mathematical techniques 
pumloyed in the scheme. These assumptions are often diffi- 
mito yuUStify and the researcher must rely to some extent on 
Meet ton and experience with the characteristics of the 
@eyeets under consideration; it would certainly be unwise to 
meeept the results of the first scheme applied. MTdhe results 
eiceussed in this paper were all obtained from clustering 
based on factor scores and/or rational scores taken from the 
questionnaire data. It is possible that other symptoms or 
additional measurements would be appropriate as discrimina- 
Metcommand results of various clustering schemes, with their 
eitierent assumptions, should be compared in order to obtain 
Hememcredible information. 

Although three different clustering techniques have 
produced groups whose mean vitamin improvement scores were 
found to be significantly different, the difference can be 
attributed to a relatively small number of individuals. 
it herent discriminators, aid ieee Gace Ot colle l Wake) GO - 
cedure, a slightly different group of children, were used 
for the clustering. However, in each case there seems to be 
one group which displays considerably better improvement 


meetes. the NORMIX analysis had one group of 35 children 
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whose mean improvement score was 69.7. The other five groups ~ 
either had very few individuals or average improvement scores 
near the overall mean. The BC TRY method resulted in a group 
eumts Children with a mean Seere of 78.235 5ana the STEPWISE 
procedure had 24 in its "high group" (four of which were not 
used with the other two methods). The "high improvement 
Meaemips ' resulting from these three procedures contained 35 
13, and 20 individuals, with only three children common to 
flmeecnree groups. An additional six were common to the 
NoORMEX and BC TRY groups, four to NORMIX and STEPWISE, and 
Soemeommon to BC TRY and STEPWISE. The BC TRY “low improve- 
foie esoroup contained 18 individuals, NORMIX seven, and the 
SPIEPWISE had five (one of which was not used with the other 
ietmods). “None of the 18 individuals in the BC TRY low group 
were in either of the other two low groups, and two children 
were common to both NORMIX and STEPWISE. 

memime above discussion points out, the three methods 
Peoduced groups whose improvement scores were different, 
tMimimey each produced somewhat different sets of “homogeneous” 
groupings. Little information about the types of children 
miiomare likely to be helped can be extracted. However, there 
seems to be some credibility added to the contention of 
behavioral improvements as a result of vitamin dosages. 

As discussed in Section IV, the STEPWISE technique 
proouced One group of 24 children whose mean improvement 
Score was substantially higher than the others and this group 


remained intact until only two clusters were distinguished. 
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It is of some possible significance that with Rimland's 
method of determining degree of autism, this is the only 
group which would be considered to be highly indicative of 
early infantile autism. 

The disappointing results from the application of the 
STEPWISE technique to factor scores certainly does not mean 
that factor analysis is the wrong approach; however, some 
Pemeral questions are raised; The responses from the 80- 
item questionnaire were transformed into a 144-item format 
Liveememust have induced some added correlation. Some of the 
144 yvariables were then eliminated because of low frequency 
or high correlation, and then factor analysis, which con- 
Siders the dependence structure, was applied. Intuitively 
it seems that some information originally contained in the 
Simeecms Could have been lost or altered through this pro- 
ceaure. A factor analysis of the original 80 items or a 
Seeemsctically elegant clustering scheme using the 80 scores 
femiieasurements are siiggested as possible topics for future 
fetetstacal studies of the current data. 

As previously mentioned, the qualitative nature of this 
data would complicate the clustering problem. A series of 
qualitative measurements, e.g., one with two states, one 
with three states and one with four states, defines 24 
multivariate states and the responses an individual makes to 
Miemmeasurements defines which of the 24 states the individual 
taanenes.  NELCrmining anterstate Ssimplarities @ould be 


accomplished only by a thorough study of the intent of the 
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measurements. However, if some importance ranking of the 
measurements and their response states can be obtained, a 
clustering technique based on occupancy of the qualitative 
multivariate states can be developed. 

No conclusive comments about the comparative performance 
of various clustering techniques can be made on the basis of 
performance with one data set. Each technique involves 
different assumptions about the appropriateness of the data, 
the relative importance given to the different measurements, 
and the means of obtaining the discriminating measurement 
wrdaoles. Comparisons are also complicated by the fact 
Bate the “correct" solution to the problem is not known. 
irenolEPWISE procedure, when applied to the rational sceres, 
Mmuaaiced results which were “similar to those produced by 
Other methods, in that eight separate groups were distinguished 
and statistical tests on vitamin improvements produced similar 
moms, it 1s felt that these results provide some justifi- 
cation for the straightforward approach offered by hierarchi- 
Smeeprocedures. 

Due to the uncertainty regarding the adequacy of the 
Setmeetion of the measurements depicting symptoms which 
moeimcuish various forms of child psychosis, and the 
inherent difficulties associated with statistical clustering, 


momsoerong claim can be made to the methods' reliabilities. 


It is believed that the results obtained by application of 
time STEPWISE procedure and by the previously conducted studies 


Seeered some credibility that vitamin treatments can result 


0 





in behavioral improvements for certain types of psychotic 
children, It 1s hoped that@eniouch ine sethonecwo. at nana 
and others in the field, significant breakthroughs in the 


etiology and treatment of child psychosis can be accomplished. 
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APPENDIX A 





DIMENSION REQUIRED VECTORS AND ARRAYS 


INITIALIZE NUMBER OF OBJECTS TO BE CLUSTERED (TT), 
NUMBER OF CLUSTERS NEEDED (CC), AND 
DIMENSION OF OBSERVATIONS (SS) 


ee THE POSITIONVIN® = So-sSPACE POR EACH OESECT 


foe NECESSARY. SGAREVTHE POSITIONS IN SsesPAcE 


COMPUTE THE SIMILARITY BETWEEN OBJECTS MATRIX BASED 





ONSEVCLIDEAN DISTANCE IN SSeS RACkr 


MEP LALIZE THE ChLUSTERSMATRIX (NCL) eeMAKE 
gives EQUATE ZERO: 


Piha LiZE THE SIMILARITY BETWEEN CLUSTERS MATRIX (DB) 


4 


INITIALIZE THE SIMILARITY BETWEEN OBJECT AND 
CLUSTER MATRIX (DC) 


DETERMINE THE TWO MOST SIMILAR UNCLUSTERED 
OBJECTS (LA AND DB) 


OS 





DETERMINE IF ANY TWO CLUSTERS ARE MORE SIMILAR 
THAN THE TWO MOST SIMILAR UNCLUSTERED OBJECTS. 
IF SO, THE TWO MOST SIMILAR CLUSTERS = A AND B, 


DETERMINE IF ANY UNCLUSTERED OBJECT AND AN EXISTING 
CLUSTER ARE MORE SIMILAR THAN ANY TWO CLUSTERS OR ANY 
mio OBJECTS. IF SO; TAsaNbee ele OBJECT AND THE 

GIL US) Tey icc 







STOP WHEN ALL OBJECTS ARE IN THE SAME CLUSTER fie IN 
NOT ALL IN SAME CLUSTER CLUSTER 
MOST SIMILAR PAIR IS TWO OBJECTS, TWO CLUSTERS, OR 
AN OBJECT AND A CLUSTER 

TWO | TWO AN OBJECT AND 

OBJECTS, CLUSTERS A CLUSTER _ 
DETERMINE THE COUNT THE NUMBER 
NUMBER OF OF OBJECTS (N)_ IN 


Eero lING CLUSTERS CLUSTER A 













Pum, ORE: Claes 
INTO THE N+1 
PLACE IN 
CLUSTER A. 


° 







FORM A NEW CLUSTER 
hae THE PWO 
OEIECTS 


COUNT THE SNUMBER SOF OBJEC og L) 
IN CLUSTER A AND THE NUMBER (N) 
Ne GU Sale Reser. 
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FOR NGWEY CLUSTERED 
OBJECTS, SET ROWS AND otal ER 
COLUMNS IN THE SIMILARITY NUMBER THAN 'B''? 
BETWEENSOBIJECTS MA LR. 

= A LARGE NUMBER. 














SOerS 


PLACE THE N OBJECTS ERO B 
INTO THE. L+ aR SEN PEACES 
PNECEUS TERS 


PEACE VInE SI SObawe lS 
ELIMINATE PROMEA UNTO THEN 1 
ChuUS TE kaise THRUPN + ee ACE Sein 


TEU Saye ans. 






ELIMINATE CLUSTER A. | 


\ 


REARRANGE CLUSTERGR i CLUS ITER chair x 
ROSENSURE SEQUENTIAR NUMBERING. 








COUN Site NUMBERS RP ExT oT UNGSCLUS TERS 








COUNT [HESNUMBER OP SOBIECTS IN Vie 
OlaUhed eee 





oe 








ED G ) 


WRITE THE CLUSTERS eRe) SieSak 
TRESOBJECTS IN ie seins wie ke 


one Ma tells al ee POS [aalLONn RETURN FOR THE 


BPE MORES IMEI 
Pb CIOs Waleess Jen ILM IEE Ie 


TPE THE Si teAR iy SEW EENeebUSTER MATRIX 





DEBATE THES si Mi pAR ity SReIWEEN OBJECT AND 
Cilio ERMA RI 


RETURN FOR THE 
ax. NEXT ITERATION 
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THE NUMBER OF EXISTING CLUSTERS (K). 
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APPENDIX C 


PGes cmt c 1 fs Chimes, 


ee UNGe juny a sre our 

Zo Between 3 and 4 yeancmold 
3. Between 4 and 5 years old 
4. Between 5 and 6 years old 
5 OveTeONyedrs old 

eiilds Sex; 

ie Boy 

wee GilTl 


Gmild's Birth Order and Number of Mother's Other Children: 


MmPWN Fr 


Only child 
First born 

iPass bOuem 
Middle born 
Foster children 


mere Pregnancy and Delivery Normal? 


me WNe- 
e e ° e e 


Was 


Was 


Ws 
ee 
5 


Pregnancy and delivery both normal 

Problems durine both pregnancy and delivery 
Paco lane va LrOtinled. Toute dc liye m 

mecOndney  UmeErOub ted. problems dunimomdemayecry. 
Don't know 


the Birth Premature (Birth Weight under 5 l1bs.)? 
ees 

No 

Don't know 

EtemeliiGmGinenluOxy Conelmmmne First Week? 

ines 


No 
Don't know 


Pooecarance Of Chila during First Few Weeks after Birth: 


Jag 
ie 
on 


Bole wedemd cate. Oot: 
Unusually healthy looking 
Pvierage, dem t know, Or other 
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yy ee 


a, 


ut. 


a . 


os 


14, 


Unusual Conditions of Birth and Infancy: 


1 
Z 
5 
4 


Unusual conditions. ameludime bl indies So ion eh emai, 
Twin birth 

Both one and two 

Normal. or don’ tkmen 


Baby's Health in First Three Months: 


Reactions to Bright laehts and Colors, Unusual Sounds, etc., 


Excellent health, no problems 
Respiration problems 

Skin problems 

Feeding problems 

Elimination problems 

Several of the above 


Yes, normal 

Yes, borderline 

Yes, abnormal 

No, don't know or don't know results 


during First year: 


i 
Z 
5 


Unusual strong reaction 
Unusually unresponsive 
Average or don't know 


Paes the Child Behave Normally for a Time before His 
Abnormal Behavior Began? 


SNR WLN DNF 


Never was a period of normal behavior 
NerwMabeaulrinCn ti rst «Six montis 

Normal during first year 

Normal during first 1-1/2 years 
Normal during first 2 years 

Normal during first 3 years 

Normal during first 4-5 years 


(Age 4-8 Mo.) Did the Child Reach Out or Prepare Himself 
to be Picked Up when Mother Approached Him? 


PWN 


Did 


PWN Fe 


® e e e 


ies, Ons! wellaeverSo 
Norm con te thank ine edad 
NOmmEGe henite Iyaan ort: 

Don't know 


icmeChilGmROCK= tne has Crib as a Baby? 
Yecerditte ay bot 
Yes, sometimes 


Ne; on very little 
Don't know 


45 





i Powe 


Gr 


Pe. 


iS. 


eae 


ZO 


At What Age did the Children Learn to Walk Alone? 


i eae mo 
Zoe Se dS m0 
$2, 16-13 sme. 
eo = 24 ater 
Sree 5=5 0 Ox 
G. 37 mo. or later ger edcesenot miata Lone 


Which Describes the Change from Crawling to Walking? 


. Normal change from crawling to walking 

Little or no crawling, gradual start of walking 
we kettle or NO Crawhimmoe, Sudden Stare of Waki 
Prolonged crawling, sudden start of walking 
Prolonged crawling, gradual start of walking 
Otane 1 yO eG Ol) te kemony 


Am SPWMNre- 


During the Child's First Year, Did he Seem to be Unusually 
imecelligent? 


ime ouspected high intelligence 
meeouspected average aoncellicence 
3. Child looked somewhat dull 


During the Child's First Two Years, Did He Like to be 
eid? 


1 Liked being picked up; enjoyed being held 

Z. Limp and passive on being held 

3. You could pick up and hold child only as he wished 
4. Notably stiff and awkward to hold 

5. Don't know 


Peonhcencc os Nia tie ehnid Eyer imitate Another Person: 


ime ves, waved bye-bye 

meee ies, played pat-a-cake 
oe YES, Other 

4. Two or more of the above 
5 No, or not sure 


bomome Age 5, Yad the Child Have an Unusually Good 
Memory? 


1. Remarkable memory for songs, rhymes, T.V. commercials 
2 Remarkable memory for songs, music (humming only) 

Sew RemarKwable memory £0r names. places. routes, etc. 

#. No evidence for remarkable memory 

5 Popeye ka ener pooh Menor y 

oe both louand 3 

mee «6dBOth 2 and 3 
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le 


Ae 


AO 


24. 


Zi. 


26. 


1 


738i 


Did You Ever Suspect the Child Was Very Nearly Deaf? 


1. Yes 
2... Ne 


(Age 2-4) Is Child "Deaf" to Some Sounds but Hears 
Others? 


1. Yes, can be "deaf" to loud sounds, but hears low 
ones 
2. No. this 25 NoOtetnue se. iim: 


(Age 2-4) Does the Child Hold His Hands in Strange 
Pestures? 


1. Yes, sometimes or often 
Za No 


(Age 2-4) Does Child Engage in Rhythmic or Rocking 
Medivity tor Very Lome Periods of Time (Like on Rocking- 
Horse or Chair)? 


Mee 1eS, this 1S typical 
woe Seldom does this 
See Not true of him 


fjwes 2-4) oes the Child Ever “Look Through” or 
Mialk Through” People? 


im es, often 
Me Yes, I think so 
fee No, doesn't do this 


fees 2-5) Does the Child Have any Unusual Cravings for 
iiainess to Eat or Chew on? 


Yes, salt or salty food 

mes, Often Chews metal objects 
Mes. O tile © 

Yes, more than two above 

Noe wen TObe Sure 


wn & WN FE 
ee 28 e #® 


(Ages 2-4) Does the Child Have Certain Eating Oddities? 


meee Peso GeCriIniutely 
ZeeeNO, OF NOt to any marked degree 
ae Don't know 


feuld Chald around Ages G or 4 be Described as Being “In 
pone l i =oOreso Distant ana “Lost in Thought that You 
Couldn't Reach Him? 


ime ves,, this =iomamyeny accurate descriptton 


2. Once in awhile he might possibly be that way 
5. Not an accurate description 


AN yi 





Zo 


30. 


Se 


ya 


Ss 


34. 


oye 


(Ages 2-5) Is He Cuddly 


1. Definitely , Likesmeose lino et omaduiles 
2. Above average {likes to be held} 

3. No, rather stiff and awkward to hold 
4. Don't know 


(Aces 3-5) Does thiem@himias Weld berate sige a see nn 
fe ad ¢ 


ie Never, OF Share 

2. Yes, usually by slapping it with his hand 

3 Yes, usually by banging it against another's 
legs or head 

meres, usually by hittin walls st looneiurmicure 

5. Several of above 


(Ages 3-5) How Well Physically Coordinated is the Child? 


1. Unusually graceful 
2. About average 
Se, comewhat below average, or poor 


(Ages 3-5) Does the Child Sometimes Whirl Himself Like 
AL likey eres 


il yes doesvthiis #eH Len 

meee tes, Sometimes 

S. Yes, if you start him out 

4 No, he shows no tendency to whril 


(Ages 3-5) How Skillful is the Child in Doing Fine 
Werk with His Fingers or Playing with Small Objects? 


imeem eExceptionally skillful 

Bee «Average for age 

3. <A little awkward, or very awkward 

4. Don't know 

(Ages 3-5) Does the Child Like to Spin Things like Jar 
mas, Coins, etc.? 


lee Yes. often, and for rather long periods 
Be very seldom, or never 


faces S-5) Does the Child Show an Unusual Degree of 
Skill at: 


» Assembling jig-Saw or Similar puzzles 

Arithmetic computations 

Can tell day of week a certain date will fall on 
Perfect Mus heamaeisheh 


HWNF- 
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50). 


Oy. 


Se 


Sos 


40. 


41. 


42. 


Ss. throwing and/or cacehuns bald 
6-7 O thes 

7. More than one Voreabeue 

8. No unusual skill] eset sstne 


(Ages 3-5) Does the Child Sometimes Jump Up and Down 
Gieetully when Pleased: 


Weeeyes., this 1S typaeasl 
eon Gr. Or “Gane ly 


(Ages 3-5) Does the Child Sometimes Line Things Up 
mie Precise Evenly-Spaced Rowssandsinsist theys\Notebe 
Ptsatrbed 7 


ie NO 
Ze Yes 
3. Not sure 


(Ages 3-5) Does the Child Refuse to Use His Hands 
for an Extended Period of Time? 


ioe ves 
me 6«=ClUN‘O 


fiw iienrc aelimempetore nee rive when the Child Strongly 
mueers ted On bistenine to Music on Records? 


mmeies. insisted on only Certain records 
Z2. Yes, but almost any record would do 
ee laked to listen, but didn't demand to 
we Newspecial mterest=im records 


fpwces 5-5) How Interested is the Child im Mechanical 
Moypects , the Stove or Vacuum Cleaner? 


ij Gieele or no imtérest 
mee Average interest 
me Faseinated by certain mechanical things 


feages 3-5) How Does the Child Usually React to Being 
imecerrumptced at What He is Doing? 


ime karely OF never gets upset 
meeoometimes gets mildly upset: rarely very upset 
me lypically gets very upset 


PocS es - oti etic eChnildsReadriyveAccenpt New Aréicles 
oma ClOtMIng (Snoes, ete. )¢ 


1. Usually resists new clothes 
a DOES ERScem temmind .: OT en) OVS. tien 
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43. 


44, 


45. 


46. 


47. 


48. 


49, 


50). 


(Ages .3-5) Is the Childeupset by sGcuEaine anos wea eare 
Not Right? ; 


Pe ehi@ie. Spee a iliky 
2. Yes, such things often upset him greatly 
3. Not sure 


(Ages 3-5) Does them@hmideAdopt (Conpiimecateds Rituals: 
which Make Him Very Upset ertenoGe ollowed/ 


ie Les cet initcory, 
Za NG@t SUTe 
Se No 


{Ages 3-5) Does Child Get Very Upset if Certain Things 
He is Used to Are Changed? 


ie No 
yee eS, cefinitely 
See oltehtly true 


Pcs) mls memomOna lds Des truetive- 


imeres, tis iS definite! aspropilen 
meeenou deliberately sor severely destructive 
PeNocrespecialiliyedes Cructive 


(Age 3-5) Is the Child Unusually Physically Pliable? 


ime «=O LS 
we ceems normal in this way 
fe Detinitely not pliable 


free 5-S)mWhich Single Description orf Combination of 
mescumocions Best Characterizes the Child? 


mee Hyperactive, constantly moving 

wee eWatches television quietly for long periods 

3 comes tor lone periods, Stares inte Space, or 
may respectively 

“=e combination of | and 2 

me meombination of 2 and 3 

6. Combination of 1 and 3 


(Age 3-5) Does the Child Seem to Want to be Liked? 
iteeyres, unusually so 

2. Just normally so 

Se imattiferena co peane liked- happiest when left alone 
(Ages 3-5) Is the Child Sensitive and/or Affectionate? 
1. Is sensitive to criticism and affectionate 


Zee SS SeCUSIUIVCMUOmGrTELCISM, toOtewatteceronate 
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om 


ae 


DD's 


54. 


55. 


56. 


Se 


5. NOt SenSiItiVe (OO sGrtt eism Ace beer omaec 
4. Not sensitive tomeniuversm, snonmed poerronace 


(Age 3-5) Is it Possible to Direct Child's Attention to 
an Object Some Distance Away or Out a Window? 


li. Yes; no specialsprcnuiien 
Zz. He rarely sees Ghalnesmvcny sat Oem onmnoach 
3. He examines things with fingers and mouth only 


(Age 3-5) Do People Consider the Child Especially 
Meeract lye? 


1. Yes, very good-looking child 
Z No, just average 
me Faulty im physical appearance 


(Age 3-5) Does the Child Look Up at People when 
They are Talking to Him? 


mee NEVer, or rarely 
“eee Only with parents 
eee Usually does 


[Age 3-5) Does the Child Take an Adult by the Wrist 
to Use Adults! Hands? 


imeexyes, this is typical 
yee Perhaps, or rarely 
mee NO. 


foe) Viren ocunmotmleris Best Describes ene Cilia, 


PPeOnmisca msc lf COnGcrmmea, DCrplexecd dcpemacnt wor rilcd 
on  OOCsmIndig pcrTeiewm oct COltccn ecg nTenorc 


(Age 3-5) Is the Child Extremely Fearful? 


Meco. suman onomanarcentain comic 

Yes. of certain animals, noises or objects 

Yes, of oneand the above 

Only normal fearfulness 

seems unusually bold and free of fear 

; “Child ignores or is unaware of fearsome objects 


NMP NWN 


rem -5)" Does he Fall or Get Hurt in Running or 
Climbing? 


=m lends toward falling or injury 

Average in this way 

Nevcor, One cdimMOstmmmeycm ~ "CX POs selen) COmeal ling 
Surprisingly safe despite active climbing, swimming 


PWN 
°° ee e 
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50. 


SEP 


60. 


oil. 


D2 


65. 


(Age 3-5) Is there a Problem in that the Child Hits, 
Punches, Bites or Otherwise Injures Himself? 


Yes, self only 

Yes, others only 
Yes, self and others 
No (not a problem) 


ct 


What Age Did the Child Say His First Words (Even if 
ater Stopped Talking)? 


= ff WhO 


Has never used words 
8-12 mo. 

13-15 mo. 

16-24 mo. 

2-3 years 

3-4 years 

After 4 years 

Don't know 


CONDO RPWN Fe 


Meetore Age 5) Did the Child Start to Talk, Then 
Become Silent Again for a Week or More? 


mee eS, Dut later talked again 
ee yes, but never Started dgain 
eee No. Continued te talk, or never began talking 


feetore Age 5) Did the Child Start to Talk, Then Stop, 
ama Begin to*Whisper Instead, for a Week or More? 


mB umes, but later talked again 

meres, Still only whispers 

metiow doesn't even whisper 

Mn Omeeconvtinued to talk = on never Devanmual king 


PWN Fe 


feet 5) How well Could the Child Pronounce His First 
Words When Learning to Speak, and How Well Could He 
Pronounce Difficult Words between 3 and 5? 


im loo little speech to tell, or other answer 
Z. Average or below average pronunciation of first words 
bee Averace or below on first words, usually good at 
3-5 
4. Unusually good on first words, average or below 
ae 


Se. Unusually good on first words, and also at 3-5 


(Age 3-5) Is the Child's Vocabular Greatly Out of 
Moportion to His Ability te Communicate? 


ie Can DOInt to mam sobjects To name, but doesn’t 


Speak or communicate 
Zemecan COrrectly wiame Many Oblects, DUE NOt Communicate 


(2 





64. 


Go. 


66. 


7. 


68. 


3. Ability to communicate is pretty good 
4 Doesn't use or understand words 


When the Child Spoke His First Sentences, Did He 
Surprise You by Using Words He Had Not Used Individually 
Before? 


io es 

Zo INO 

Oe NG Be sute 

4. Too little speech to tell 


How Did the Child Refer to Himself on First Learning 
to Talk? 


om '(John) fall down. sor. Bab s(orsbov)) tali@aewn. 
Z. ‘Me fall down," or "I fell down" 

oe ‘He, Him, She, or Her) fall down" 

ee YOu fali down" 

Be Any combination of 1, 2, and/or 3 

6. Combinations of 1 and 4 

mee Noe speech or too little speech as yet 


(Ages 3-5) Does the Child Repeat Phrases or Sentences 
That He Has Heard in the Past (Maybe Using a Hollow, 
Parrot-Like Voice), What is Said Having Little or No 
Relation to the Situation? 


» Yes, definitely, except voice not hollow or parrot-like 
me ees. definitely, including peculiar voice tone 

™ Not Sure 

ae NG 

meeloo little speech to tell 


WP WNN Fe 


(Before Age 5) Can the Child Answer a Simple Question 
Like "What is Your First Name?" "Why Did Mommy Spank 
Bally?" 


1. Yes, can answer such questions adequately 
t. Wo, uses Speech, but can't answer questions 
ee boo ret le speech to tell 


(Before Age 5) Can the Child Understand What You Say 
fom nim, Jvudgine from His Ability to Follow Instructions 
or Answer You? 


Yes, understands very well 

. Yes, understands fairly well 

Understands Salter eem f oun nrepeat and repeat 
Very ttle OTrenosuneaers tamale 


mWN PF 


on 





Go7 


TNO 


Ae 


cs 


1 SP 


74. 


(Before Ace 5) If sche Ghald Talks pemounbeclonie 
Understands What He is Saying? 


I. Doesn't talk eneuaneromec ial 
Z. No, he 1S just repeating what Ne vomicandeviehenit 
understanding 


(Before Age 5) Has the Child Used the Word "Yes"? 


ie. Has used "Yes" fagmieyeomtenmondmen mr cermin 

Zee Seldom has Ws eda icc pete iia ceecls CC 

Gee Has used Sentence sre Ol tema siemens clue nie) Yee crun 

4. Has used a number of other words/phrases, but not 
NViec : tf 

Saas NOEs peCCel Om tO Onell ile mom cicle ilmne Oemuicsll 


feces 5-5) 8 Noes the Chitd typicall, say) Yes by skepeat 


the Same Question He Has Been Asked? 


Mesa Giet (llth civ ma Oc sumo tS a0e 37 sumed Ce tly 
No, would say “yes” or "OK" or similar answer 
a NOt sure 

meerNvot echouch Speech. to tem 


PWN Pr 


(Before age 5) Has the Child Asked for Something by 
Using the Same Sentences You would Use When You Offer 
ee to Him? 


meicsemaceimrcely (Uses “You” ansteadvor 1") 
me No, would ask differently 

= NOeesure 

MNO” cnough speech to tell 


feerore Age 5) Has the Child Used the Word "I"? 


Meieicmusca. | Stalmiveotten and correctly 

Peco Onenas USscde enw oUcEhAaSmuUSC@mte Correct ly 
mMeiaomuUscd sentenees., DUE hasn't used the word "1" 
RenaicomuSscdeaanumber Of Words or phrases, but not — 1' 
- Has used "I", but only where word "you" belonged 

. Has not speech, or too little speech to tell 


Before Age 5) How does the Child Usually Say "NO" or 
exuse something? 


te he would just say "no" 

a He would ignore you 

53. He would grunt and wave his arms 

4. He would use some rigid meaningful phrase 

5. He would use a phrase having only a private meaning 
eee Ole Gor) tOOmrerst tem cos te! | 
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(ee 


76A. 


yOB. 


Ee 


nS. 


(Before Age 5S) Has the Child Used One Word or Idea as 
a Substitute for Another, for a Prolonged Time? 


es. wllenei at wey 


i 

Za “No 

ea NiOmars UiGe 

4. Too little speech to tell 


Knowing What You Do Now, At What Age Do You Think You 
Mroht Have First Detected thesChiid =e bnoernall 
Behavior? 


lj In first 5 months 
2. 4-6 months 

3. 7-12 months 

4, 13-24 months 

me 62-3) «years 

im 65-4 years 

it 


After 4th year 


Knowing What You Do Now, At What Age Do You Think You Did 
First Detect the Child's Abnormal Behavior? 


merlin first 5 months 
mee 4-5 months 

. 7-12 months 

~- 13-24 months 

oe 2-5 years 

- 5-4 years 
meeAtter 4th year 


SAN BPW MF 


moter’ S Highest Educational Level 


- Did not graduate high school 
“euten school graduate 

merrest high school technical training 
me oeme college 

mecollece —eradiuare 

»- oome graduate work 

s Graduate degree 


SNOB NN FS 


Metner’s Highest Educational Level 


- Did not graduate from high school 
High school graduate 

XOKS 18 Jello —Stelevore ll jetexeliyoilezn cieciitighitigys 
some college 

College eraduate 

Some graduate work 

Graduate degree 


SEAM BW MN Fe 
e 
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19% 


80. 


Number of Blood Relatives, Including Parents, Who Have 
Been in a Mental Hospital, or Who Wercsincvwnetestiave 
Been Seriously Mentally I11] or Retandeumepidenosedeas 
Schizophrenia 


0. No relatives 
One relative 
Two relatives 
Three relatives 
Four relatives 
Five relatives 


wi & Wh Fe 
e e e oe e 


Number of Blood Relatives, Including Parents, Who Have 
Been in a Mental Hospital or Who Were Known to Have 
Been Seriously Mentally Tli er Retarded, Miagnoesed as 
Mepnressive 


No relatives 
One relative 
Two relatives 
Three relatives 
Four relatives 
Five relatives 


WRWN FH © 
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